Gestation length, birth weight, calving difficulty, calf mortality rate at birth, calf mortality rate from birth to weaning, preweaning calf growth rate and calf 2004 weight were evaluated in a biological type study in which four sire breeds were bred by AI to Hereford dams. Angus and Red Poll sires represented breeds of medium size, and Pinzgauer and Simmental sires represented large breeds. Angus and Pinzgauer represented breeds with medium milk production, and Red Poll and Simmental represented breeds with high milk production. Dams mated to large sire breeds had longer (P< .01) gestation lengths (.95 d) and higher calving difficulty scores than dams mated to medium-sized sire breeds. Calves from large sire breeds had heavier birth weight (P e .Ol) and 200-d wt (6.1 kg; P c .01) than calves from medium-sized sire breeds. Calf death loss and ADG to weaning were similar (P > .lo) for all breeds of sire. Calves from the higher milk level sire breeds exceeded the medium-milk breeds in birth weight (1.3 kg; P < .01) but not (P > .lo) in other traits. Calves from the higher milk level sire breeds exceeded the medium-milk breeds in birth weight (1.3 kg; P e .01) but not (P > .IO) in other traits.
Europe and are available to beef producers.
The Germ Plasm Evaluation Program was established at the Roman L. Hruska U.S. Meat
Animal Research Center (MARC) in 1969 (Cundiff et al., 1985) to characterize a broad range of biological types of cattle as represented by breeds that differed widely in genetic potential for milk production, growth rate, carcass composition and mature size. Information was needed for the production of different biological types of cattle on the western range. The purpose of this study was to evaluate results from calving to weaning from mating sires of four breeds representing two biological types for mature size and two biological types for milk production to straightbred Hereford cows. Kress and Nelsen, 1988) , were used. MahIre size generally is considered an indication of growth rate. Angus (A) represented a medium-sized breed with a medium level of milk production; Red Poll (RP) represented a medium-sized breed with a high level of milk production; Pinzgauer (P)
represented a large breed with a medium level of milk production and Simmental (Sm) represented a large breed with a high level of milk production.
The experimental design and number of calves produced by each breed of sire each year are shown in Table 1 . A total of 14 A, 13 P, 20 RP and 27 Sm sires were used during the study. The number of sires used each year and the number of sires repeated from any previous year are shown in Table 2 . Some of the same sires were used in Cycle I (Smith et al., 1976) , Cycle I1 (Gregory et al., 1978) and Cycle 111 (Gregory et al.. 1979) in the Germ Plasm Evaluation Program at MARC. The number of sires used at both locations is shown in Table   2 . The interchange of semen was planned to provide information on the response obtained at two locations because MARC represents a midwestem environment and LARRL represents a western range environment, but the performance data were to be published sepaThe A and Sm sues, selected from among those that were in performance testing programs were chosen on the basis of individual performance based on growth rates. The RP sires were sampled from RP breeders with the objective of obtaining a representative sample of the breed. Most of the RP sires sampled were in use in purebred RP herds and chosen on the basis of individual performance. Pinzgauer sires were sampled from commercial organizations from sires that had been imported into Canada from Europe. No progeny test results were available on any of the sires rately. from any breed at the time they were sampled for use in the program. The differences in selection pressure for growth placed on the different breeds could influence the results.
Comparable data to this study are reported by MARC for A x H and Sm x H (Smith et al.. 1976) . for A x H and RP x H (Gregory et al., 1978) and for the A x H and P x H comparison (Gregory et al., 1979) . Because of the joint use of sires in this study and the Germ Plasm Evaluation Program at MARC, much of the discussion will be of similarities and differences in results obtained at the two locations.
The H cows were assembled into a group on irrigated pasture in May each year and assigned at random within age of dam to individual sires. Cows showing estrus were bred by AI for 45 d each year beginning June 15. At the end of the breeding season, cows were placed on native range pastures and remained there until the calves were weaned in mid-October. After the calves were weaned, the cows grazed on native range until calving.
A protein supplement or pelleted barley were fed during late fall or early winter and cows were fed hay during the more severe weather conditions in accordance with the recommendation for wintering cows in the Northern Great Plains. Alfalfa and(or) grass hay was provided during the winter from approximately Janllary 1 through March 15 each year.
Cows were separated in March into two groups by age of dam before calving and fed approximately 10 kg of hay while in the calving pastures. The 2-yr-old heifers were placed in a small pasture where they could receive close observation during the 24-h period. The 3-yr-old and older cows were placed in a range pasture and calvings were observed during the daylight hours. Cows that calved with no assistance were classified as no difficulty and coded a 1; cows that required only minor assistance by hand were coded a 2; cows requiring considerable assistance by either hand or mechanical puller were coded as 3; cows that required considerable assistance such as repositioning the calf or a Cesarean section were coded a 4; abnormal presentations that required assistance were coded a 5. Most calvings were coded as either a 1 or 3.
Early calf mortality was based on the number of calves alive at or shortly after birth when the calves were weighed and tagged by the animal caretakers. This generally occurred within 6 to 24 h of birth. Some calves died later as a result of birth injuries but the records were not changed. Therefore, not all death losses that can be attributed to the birth process are accounted for in calf mortality at birth; some are shown in calf mortality from birth to weaning. Patterson et al. (1987) described in detail various losses that occurred at this location and showed that 68.8% of the losses were attributed to problems during calf delivery. Traits were analyzed by mixed model least squares procedures (Harvey 1979) . The model for all traits included year, sire breed, year x sire breed, sires within year x sire breed, darn age linear and quadratic, calf sex, year x calf sex and sire breed x calf sex. The sire within year x sire breed interaction was the error term for testing years, sire breed and the year x sire breed interaction. The residual mean square was used to test other effects in the model.
Chi-square analyses were used to test calving difficulty of 2-yr-old dam and calf mortality of calves from 2-yr-old dams.
Three orthogonal linear functions computed for comparison of biological types were large mature size vs medium size and high vs medium milk production and the interaction of 
Calves were born between March 15 and May 8 and remained on their dams until midOctober, when they were weaned and weighed. Calves did not receive creep feed. Dams were checked for pregnancy at weaning and unsound or nonpregnant cows were removed from the study. Replacement females for the project generally were added to the herd in the fall.
Results and Discussion
Analyses of Variance. Analyses of variance are shown in Table 3 Table 4 . Years were a significant source of variation for all traits studied except calf mortality rate at birth and calving difficulty score. The mean squares for interaction in this study generally were small in comparison to the magnitude of the main effects. Interactions of biological significance will be discussed with the trait.
Gestation Length. (Gregory et al., 1979) , which is similar to the results of this study. In this study, gestation length for Sm sues mated to H dams was 3.7 d longer than for A sires mated to H dams. Cundiff et al. (1986) reported that the gestation length for a Sm mated to A and H dams was 3.3-d longer than the average H mated to A and A mated to H. Assuming no interaction we therefore would expect the gestation length for the Sm x H-cross to be 288.1 d, which is very similar to the gestation length reported here for Sm x H. The similarity of these values for each sire breed at Miles City and MARC indicates that gestation length was subject to genetic influences. Anderson et al. (1986) reported a 283-d and a 288-d gestation length for the A x H-and Sm x H-crosses, respectively, which supports these results.
The effect of biological type of breed is shown by orthogonal linear contrasts (Table 4) . Cows bred to sire breeds classified as large in mature size had a .95d (P < .08) longer gestation length than cows bred to mediumsized sires.
Cows bred to sire breeds classed as high in milk production had a 2.8-d (P < .01) longer gestation length than cows bred to sire breeds classified as medium in milk production. The significant effect of size and milk production level of the sire breed indicates the importance of additive genetic effects on gestation length. The sire size x milk production interaction of 1.4 d (P < .Ol) indicates that genetic factors other than size and level of milk production of sue breed were important in inheritance of gestation length.
Calving Difficulty, Calf Morality at Birth and C d f Mortality, Birth to Weaning. Age of dam influenced (P < .Ol) calving difficulty score. The linear correlation of dam age and calving difficulty score was -.37 (P < .01).
The linear regression of calving difficulty on dam age was -.73 (P c .Ol); thus, most of the problems encountered at calving were with 2-and 3-yr-old dams. Burfening et al. (1978) reported that for dams bred to Sm sires calving ease scores were higher for younger than older dams. The calving difficulty score of 1.4 for the A x H and 1.3 for the RP x H were equal to an incidence of 12% of the calves requiring assistance at birth. A calving difficulty score of 1.6 was observed for the P x H (20% of the calves required assistance). A score of 1.7 was observed for the Sm x H (26% of the calves required assistance at calving). Burfening et al. (1978) calculated both calving ease scores and percentage of assisted births and found a residual correlation of .84 between the two. Smith et al. (1976) reported a higher percentage of dystocia in 2-yr-olds than in older cows and that H mated to A or A mated to H consistently had less dystocia for each age of dam than Sm mated to A or H. The calving difficulty percentages reported by Cundiff et al. (1986) were consistently lower than those reported in this study because of differences in age of dam used in the two studies, but the rank in calving difficulty of the sire breeds involved in the two studies is the same.
Biological type of sire had an effect (P < .01) on calving difficulty score ( Table 4) . Hereford dams mated to large sire breeds had higher (P < .01) calving difficulty scores, which would indicate greater calving difficulty than for dams mated to medium-sized sires. Separate analysis showed the percentage of calving difficulty for large breeds was 23.3% and for medium-sized sire breeds was 12% (P c .01). The level of milk production of the sire breed did not significantly influence calving
The results of this study indicate that a major disadvantage of mating H dams to the sire breeds noted for higher growth rate and larger mature size is the increase in calving difficulty obtained, particularly when the cows were 2 or 3 yr of age. In a separate analysis, the number of births requiring assistance by a veterinarian in this study was 9.6% for the dams bred to large breeds and 3.8% (P c .01) for the cows bred to medium-sized breeds. Besides the added expense of calf delivery, cows with calving difficulty require longer intervals from calving to estrus and have lower pregnancy rates ( Brinks et al. 1973; Doornbos et al., 1984; Bellows et al., 1988) . Other analysis of calving difficulty showed that 81% of the yearling heifers mated to the larger sire breeds and calving as 2-yr-olds required calving assistance compared to only 51% (P c .01) for the yearling heifers mated to mediumsized sire breeds. No difference was found between the percentage of heifers mated to A or RP sires requiring assistance at calving or between the P and Sm heifers requiring assistance. The number of 2-yr-olds requiring a Cesarean delivery or of dams or calves that died as a result of dystocia was 50.0% vs 15.7% (P < .01) for heifers mated to large vs medium-sized breed sires. For calving difficulty measured similarly, no significant difference was found between A and RP in the medium-sized breeds of sire, but in the large breeds, there was a difference (P < 0 5 ) ; the P sires were 34.8% and Sm sires were 62.1%.
Therefore increased labor, greater supervision and adequate facilities must be available if large breeds are to be mated to yearling heifers or productivity will be lost.
The average calf mortality at birth in this study was 2.5% and represents only 16 calves. Autopsy showed that another 14 calves died as a result of injuries in the birth process. A death loss of 22.1% was found for calves that required assistance at birth vs 2.8% (P < .01) for calves born without assistance when all calves that died at birth or as a result of birth injuries were considered. Smith et al. (1976) reported a 5.1% death loss within 24 h of birth with a death loss of 11.5% for calves that required assistance and a 3.1% death loss of calves requiring little or no assistance. Gregory et al. (1978) and Gregory et al. (1979) reported 4.0% and 5.5% calf death loss, respectively, difficulty.
within the first 72 h of birth for calves from H dams. Lawlor et al. (1984) reported a 1% death loss for the A x H-cross from birth to 24 h. Gregory et al. (1978) and Gregory et al. (1979) reported 2.8 and 3.1% death loss, respectively, for the A x H cross, 1.3% for the RP x H, and 4.4% for the P x H, which are very similar to the percentages of calf mortality at birth reported in this study for these breed crosses.
Calf mortality from birth to weaning was highest in 1975 and lowest in 1976. Chilling of newborn calves due to weather conditions was a factor in calf death losses in 1975. Also, a number of the calves that required assistance were injured in the delivery process.
The average calf death loss of 8.6% to weaning is higher than the 7.1% and 7.4% found by Gregory et al. (1978) and Gregory et al. (1979) , respectively, for H dams. The loss is similar to the 9% calf death loss reported by Cundiff et al. (1982) in a review of 24 experiments with beef cattle.
The significant (P < .OS) breed x sex interaction was due to the greater mortality rate of A x H and Sm x H females than males and the greater mortality rate of the P x H males than females.
Sire breeds did not differ significantly (P > .lo) in calf death loss from birth to weaning, but the P x H was 3.6% higher than the A x H. Neither size of sire breeds nor level of milk production had an effect on calf death losses from birth to weaning. Heritability might be expected to be low because environment has a large impact on calf death loss at this location.
Birth Weighr. Differences (P < .01) in birth weight of calves born in different years reflect environmental influences and are not readily understood. There was a difference of 2.8 kg between the birth weight of male and female calves, which agrees with other studies (Bellows et al., 1971; Burfening et al., 1978; Bailey and Moore, 1980) . The effect of age of dam on calf birth weight is well established in the literature.
Breed of sire had an effect on birth weight (P c .Ol). The A x H calves were the lightest in weight and the Sm x H were the heaviest.
Breed differences found in this study agree with those reported by Lawlor et al. (1984) and, in general, with the results reported by Cundiff et al. (1986) for birth weight of these same sire breeds bred to A and H dams. The correlations of gestation length to birth weight in this study was .44 and that of birth weight to calving difficulty score was .lo.
There was a 4.3-kg (P < .01; Table 4 ) difference between calves from sire breeds classified as large and medium in size. Cundiff et al. (1986) reported the same large sire breeds in this study exceeded the same medium-sized sire breeds in this study in birth weight by 4.0 kg. Milk production level of the sire breed also had an effect (P < .01) on birth weight; calves from the sires of the high milking breeds had a higher birth weight than calves from sires of medium milking breeds.
The interaction of size of sire breed and level of milk production of the sire breed was also significant, which indicates that not all genetic variation in birth weight can be explained by size and milk production level of the sire breed. Within a breed, the effects of individual sires on birth weight are well
Calf Growth Rate and 200-Day Calf Weight. Year differences in rainfall and amount of feed available as forage in the Northern Great Plains environment have been well established (Reed and Peterson, 1%1) so it is not surprising that calf growth rates were influenced (P < .01) by year ( Table 4) .
Differences in growth traits due to sex of calf and age of dam are common (Smith et ai., 1976; Peacock et al.. 1981; Reynolds et al., 1982) and will not be discussed. Female calves gained 29 g faster per day than males and were heavier at 200 d than males in 1975, whereas male calves gained faster per day and were heavier at weaning than females in other years. This sex x year interaction was significant for average daily gain from birth to weaning (ADGBW) and for 200-d weight.
There was a difference (P < .Ol) due to breed of sire on ADGBW and 2004 calf weight as shown in Table 3 . Means of the breed groups are shown in Table 4 . The Sm x H, which had the highest growth rate, gained 53 g (7.4%) faster per day than the RP x H, which ranked lowest in growth rate.
Despite the large year-to-year differences at LARRL in growth rate and resulting 200-d calf weight, the average growth rate and resulting 200-d calf weight of the A x H at LARRL and at MARC were very similar even though the environments are very different. The average growth per day of the A x H in Cycles I. II and I11 at MARC was 764 g, which is 4 g more than that of A x H at LARRL.
The average 200-d weight of A x H calves at the two locations differed by only 1.6 kg.
Furthermore, growth rate of A x H exceeded growth rate of P x H and RP x H at both locations and Sm x H exceeded growth rate of A x H at both locations. The actual amounts differed in magnitude, but the breeds ranked the same at both locations.
In 200-d weight, A x H and RP x H calves weighed the same at MARC, whereas at LARRL the A x H exceeded RP x H calves by 6.4 kg in weight. Bailey (1981) reported that A x H exceeded RP x H by 4.0 kg in weaning weight, but the difference between the two groups was not significant. At LARRL, A x H exceeded P x H by only 1 kg; at MARC (Gregory et al., 1979) , P x H exceeded A x H by 2 kg. The Sm x H exceeded A x H by 6.8 kg at LARRL, 8.9 kg at the Northern Agricultural Research Center at Havre, h4T (Lawlor et al., 1984) and 10 kg at MARC (Smith et al., 1976) .
In general, these results show that the data collected at MARC, which included other breed groups in each biological type, on growth rate and 200-d weight in Cycles I, I1
and 111 could have application over the range area as well as the midwestern states. The major exception would be the RP x H, which differed more from the A x H in the range environment than in our experiment.
No difference was found in growth rate of calves from large breed sires and mediumsized breed sires or from sires with differences in milk production, higher vs medium level, because preweaning growth is highly influenced by milk production of the dam. The H dam is not known for high milk production or heavy calf weaning weight; therefore, differences due to sire size may be smaller than if mated to higher milking dams. Genetic differences were present; the interaction of sire size and level of milk production was 43 g for ADGBW. This would indicate that these responses are related closely to individual breeds and broad generalizations of biological types cannot be made about the effect of sire size on growth rate of first-cross calves themselves or that the biological type designations were incorrect for the study. These differences might reflect the difference in selection pressure for growth that was placed on the individual sires available within the breed.
An important factor in this study is that most of the differences shown at weaning due to sire size were present already at birth (4.3 kg). Only a 6.1-kg difference was observed for 2OO-d weight. These data, therefore, indicate that genes for size or preweaning growth enhance growth rate in the uterine environment. Calculations show that a 1-kg increase in birth weight increased weaning weight by 1.4 kg. Burfening et al. (1978) reported that a 1.0-kg increase in birth weight in Sm sires increased weaning weight by 1.6 kg.
Other authors have indicated that sires classified as large in size have calves with heavier weaning weight than do calves from sires classified as medium in size. Anderson et al. (1986) reported that Sm-sired calves were 9.1 kg heavier at weaning than A-sired calves from H dams, and Pahnish et al. (1%9) found that weaning weight of Charolais-sired calves exceeded weaning weight of A-sired calves from H dams by 13.5 kg. Charolais would be classified as a large breed. The 7.1-kg (P < .01) interaction for 200-d weight for sire size and milk production level would indicate strongly, as already suggested, that individual breeds differ in performance. The heaviest calves weaned were sired by the medium-sized, medium milk level sire breed and the large higher milk level breed.
Differences were found in gestation length, calving difficulty, birth weight and 200-d weight of calf for sires of different biological types. Age and breed of dam along with availability of experienced labor and adequate facilities must be carefully considered in a beef cattle mating program.
lmpllcations
Breed of sire caused gestation length to differ. Sires of the larger breeds and also the Red Poll had longer gestation lengths than are shown in gestation tables or in the literature for Angus and Hereford. Dams mated to large biological sire breeds required more calving assistance, particularly for 2-yr-old heifers. Mating yearling Hereford heifers to large biological sire breeds should be avoided because of the greater calving difficulty encountered, the higher calf birth weights and the excessive calf death loss of calves that required assistance. Mating to large sire breeds did not enhance preweaning growth, which usually is given as the primary reason to use such breeds Simmental), where sires had been selected for above-average growth rates, were higher than for the two sire breeds, Pinzgauer and Red Poll, which were not selected for growth. These data imply that using either biological size or milk level of sire breed as a major criterion for selecting breeds to improve weaning production of first-cross offspring would not be a sound management procedure.
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in a crossing system. Preweaning growth rate of calves from the two sire breeds (Angus and
